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Economic  Position  of  Farm  Families  When  Money 
Income  and  Net  Worth  Are  Combined 

By  Thomas  A.  Carlin 

Farm  families  have  historically  had  lower  money  incomes  and  a  less  equal  distribution  of 
money  income  than  nonfarm  families.  However,  when  net  worth  was  included  in  a  measure  of 
economic  well-being  for  farm  families,  the  median  level  increased  and  inequality  in  the 
distribution  decreased.  The  distribution  of  well-being  of  U.S.  farm  families  in  1966  closely 
approximated  that  of  all  U.S.  families  when  the  broader  well-being  measure  was  used. 

Key  words:  Farm  families,  income,  wealth,  net  worth. 


Historically,  the  level  of  money  income  of  U.S.  farm 
families  has  been  lower  and  the  distribution  of  income 
among  them  less  equal  than  that  of  nonfarm  families  (1, 
2).  Since  the  late  1950's,  the  composition  of  income 
has  changed  for  farm  families.  In  1960,  about  42  percent 
of  the  money  income  per  farm-operator  family  came 
from  off-farm  sources.  By  1971  the  percentage  had 
increased  to  53  percent  (10).  About  60  percent  of  those 
persons  reporting  farm  earnings  on  1966  Federal  income 
tax  returns  had  an  off-farm  source  of  income  that 
exceeded  income  from  farming  (8,  p.  6). 

Net  worth  per  farm  family  averages  almost  twice  that 
of  all  U.S.  families  (9,  p.  161)  because  farm  families  save 
and  reinvest  a  large  proportion  of  their  income  in  the 
farm  business.  Also,  farm  families  have  benefited  greatly 
from  capital  gains  on  farm  real  estate.  Thus,  net  worth 
should  be  considered  along  with  income  when  discussing 
the  economic  situation  of  farm  families. 

Why  are  both  income  and  net  worth  important  when 
considering  the  economic  situation  of  people?  Because 
money  income  alone  understates  the  true  economic 
situation.  Two  individuals  with  low  money  incomes,  one 
having  substantial  net  worth  and  the  other  having  little, 
would  be  economically  dissimilar.  Yet,  in  most  income 
statistics,  the  two  would  be  considered  together.  A  new 
concept  called  "economic  well-being,"  which  takes 
account  of  both  income  and  wealth,  is  used  in  this 
study.  The  purpose  is  to  determine  the  effect  of  net 
worth  on  the  level  and  distribution  of  economic 
well-being  among  farm  families. 

Data  Source 

The  data  used  for  the  study  are  from  the  Pesticide 
and   General   Farm   Survey   conducted  by   the  U.S. 

Footnotes  are  at  end  of  article,  p.  69. 


Department  of  Agriculture  in  1966.  This  survey  provides 
the  most  recent  readily  available  information  on  income 
and  net  worth  for  farm  families.  Although  more  recent 
data  would  be  preferred,  the  data  used  are  believed  to  be 
valid  for  the  purpose  of  this  study. 

After  the  data  were  edited  for  missing  information, 
5,649  observations  were  retained  for  analysis.  When  the 
observations  were  distributed  by  region  and  economic 
class  of  farm,  the  weights  provided  in  the  survey  did  not 
satisfactorily  represent  the  population  of  farms  based  on 
the  1964  Census  of  Agriculture.  A  weighting  scheme  was 
devised  to  overcome  this  deficiency  and  provide 
improved  estimates  of  farm  numbers.  Personal 
distributions  of  income  and  well-being  were  then 
developed,  using  individual  observations  and  the 
weighting  scheme. 

Income  Measures  Used 

The  mean  and  median  are  the  measures  of  central 
tendency  used  in  the  analysis.  Because  income 
distributions  are  almost  always  skewed  to  the  right,  the 
median  income  is  typically  less  than  the  arithmetic 
mean.  A  few  families  with  large  incomes  pull  the  mean 
above  the  level  of  most  families.  Thus,  more  emphasis  is 
given  to  the  median  in  this  study. 

The  Gini  ratio  is  used  as  the  measure  of  the  degree  of 
income  inequality.  This  is  the  ratio  of  the  area  between 
the  diagonal  and  the  Lorenz  curve  to  the  total  area 
under  the  diagonal  A/A+B  (fig.  1).  As  ordinarily  used, 
the  theoretical  value  of  the  Gini  ratio  ranges  from  0  to  1. 
A  ratio  near  zero  means  that  income  was  nearly  equally 
distributed  among  families.  A  value  near  1  means  that 
most  of  the  income  is  received  by  a  few  families. 

The  index  of  integration  measures  the  overlap  of 
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income  distributions.  If  the  distribution  for  farm 
families  is  superimposed  on  that  for  nonfarm  families, 
the  index  of  integration  measures  the  area  common  to 
the  two  distributions  (fig.  2)  (14).  The  larger  the  index 
of  integration,  the  greater  the  degree  of  overlap. 


deducted  from  net  worth  to  cover  unproductive  and 
unmeasured  resources  on  the  farm  such  as  a  house.  A 
4-percent  return  to  capital  was  then  applied  to 
"'productive"  net  worth.  This  rate  reflects  average  return 
to  farm  equity  between  1960  and  1969  (4). 


Assumptions 

Each  observation  in  the  survey  was  assumed  to 
represent  a  family  farm.  Approximately  96  percent  of 
the  businesses  reporting  farm  income  for  tax  purposes  in 
1966  were  sole  proprietors  (12).  Although  some  of  the 
observations  may  not  represent  families,  it  was  assumed 
that  such  exceptions  would  not  greatly  alter  the  results. 

Money  income.  Money  income  includes  that  from 
both  farm  and  nonfarm  sources.  Nonfarm  income  includes 
wages  and  salaries,  rental  income,  interest,  dividends, 
retirement  pensions,  social  security,  and  other  transfer 
payments. 

Net  worth.  The  problem  of  tying  income  and  net 
worth  together  is  not  new  in  economics.  Income  is  a 
flow  concept  while  net  worth  is  a  stock.  Thus,  addition 
is  not  appropriate.  Weisbrod  and  Hansen  (13)  have 
suggested  a  way  to  convert  net  worth  into  a  flow  which 
can  then  be  added  to  money  income  to  obtain  a  new 
measure  of  well-being.  Using  their  model,  current  net 
worth  is  converted  to  an  annuity  to  yield  a  lifetime  flow. 
The  annuity  is  then  added  to  current  income.  Weisbrod 
and  Hansen  summarized  their  model  as  follows: 


HYPOTHETICAL  LORENZ  CURVE  FOR 
FARM  FAMILIES 

GINI  RATIO  =  A 


PERCENT  OF  FAMILIES 


Figure  1 


Y*  =  Yf  +  NWf 


where  Yf  is  the  measure  of  well-being  in  time  period  f, 
Yt  is  current  money  income,  NWf  is  current  net  worth, 
An  =  r/1— (l+r)"n  =  the  factor  which  converts  $1  to  an  n 
year  annuity  at  a  given  rate  of  interest  r,  and  n  is  the  life 
expectancy  of  the  family  beyond  time  period  t.2 

The  Weisbrod-Hansen  model  requires  information 
about  the  family  beyond  time  period  t.  For  this  study, 
each  observation  was  assumed  to  represent  a  family  with 
husband  and  wife  present.  The  expected  life  of  the 
family,  used  as  the  value  of  n,  was  based  on  the  life 
expectancy  of  the  wife,  who  was  assumed  to  be  2  years 
younger  than  her  spouse  (7). 

Money  income  reported  in  the  Pesticides  Survey 
reflects  returns  from  all  resources  including  capital.  To 
avoid  double  counting,  returns  to  equity  capital  were 
estimated  and  excluded  from  current  income  before 
applying  the  annuity  principle.  A  precise  calculation  of 
the  contribution  of  capital  to  current  income, 
particularly  for  the  farm,  was  virtually  impossible.  To 
estimate  such  returns,  a  flat  amount  ($15,000)  was 


HYPOTHETICAL  PERSONAL  INCOME 
DISTRIBUTIONS,  FARM  AND 
NONFARM  FAMILIES 


llllflj  =  AREA  MEASURED  BY  INDEX 
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Table  1.— Distribution  of  farm  families,  by  amount  of  money  income  and  region,  19661 
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3,149 

32 

26 

30 

8 

3 

1 

5,300 

4,200 
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1  Based  on  tabulations  from  the  1966  Pesticide  and  General  Farm  Survey. 

2  Less  than  0.5  percent. 


The  analysis  was  approached  in  the  following  way. 
First,  distributions  of  money  income  among  farm 
families  were  developed  for  the  10  farm  production 
regions4  and  the  United  States.  The  stock  of  wealth  (net 
worth)  was  converted  into  a  flow  and  added  to  income. 
An  annuity  rate  of  6  percent  was  used  in  conjunction 
with  the  4-percent  return  to  equity  capital.5  As  a  final 
step,  money  income  and  the  annuity  were  combined  and 
the  distributions  compared  with  those  of  all  U.S. 
families. 

Results 

The  distribution  of  money  income  for  U.S.  farm 
families  and  the  10  farm  production  regions  serves  as  the 


benchmark  for  the  first  phase  of  the  analysis  (table  1). 
Based  on  Gini  ratios,  money  income  tends  to  be  more 
unequal  for  farm  families  in  the  Southeast,  Delta, 
Mountain,  and  Pacific  regions  than  for  all  U.S.  farm 
families.  Inequality  was  less  in  the  Corn  Belt  and  Lake 
States. 

Fifty-six  percent  of  U.S.  farm  families  analyzed  had 
money  incomes  of  less  than  $5,000  in  1966.  Low 
incomes  were  relatively  common  in  the  Southeast,  where 
73  percent  had  money  incomes  of  less  than  $5,000.  Of 
particular  interest  in  this  study  is  the  effect  on  the 
low-income  group  of  incorporating  net  worth  into  a 
measure  of  well-being. 

Effect  of  adding  net  worth.  The  average  net  worth  of 
farm  families  analyzed  in  this  study  (table  2)  was 


Table  2.— Average  money  income,  average  net  worth,  and  net  worth-income  ratio 
for  farm  families,  by  size  of  money  income,  1966' 


Money  income 
size  class 

Average 
money  income 

Average 
net  worth 

Ratio  of  net 
worth  to  income 

Dollars 

Dollars 

Less  than  $2,500  .... 

1,030 

29,990 

29.14 

$2,500-$4,999   

3,650 

39,010 

10.70 

$5,000-$9,999   

6,920 

47,460 

6.87 

$10,000-$14,999    .  .  . 

11,820 

63,790 

5.40 

$15,000-$24,999    .  .  . 

18,140 

136,910 

7.55 

$25,000  or  more  .... 

43,290 

346,340 

8.00 

All  families  

5,300 

46,630 

8.80 

1  Based  on  tabulations  from  the  1966  Pesticide  and  General  Farm  Survey. 
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LORENZ  CURVES  FOR  MONEY  INCOME  AND 
WEALTH  FOR  U.S.  FARM  FAMILIES,  1966 
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WELL-BEING  FOR  U.S.  FARM 
FAMILIES,  1966 
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Figure  4 

approximately  twice  that  obtained  by  Projector  and 
Weiss  for  all  U.S.  families  (6). 6  The  favorable  net  worths 
of  farm  families  may  offset  their  relatively  low  money 
income  position.  For  example,  one-fifth  of  the  families 
received  only  3  percent  of  total  money  income,  yet  they 
owned  about  12  percent  of  total  net  worth  of  all  farm 
families  (fig.  3).  Thus  the  economic  well-being  of  this 


low-income  group  is  better  than  money  income 
comparisons  alone  might  suggest. 

When  net  worth  was  converted  into  a  flow  and  added 
to  money  income,  the  median  well-being  measure  for 
U.S.  farm  families  increased  by  $1,900  (table  3  and  1 
and  fig.  4).  The  effect  of  net  worth  was  substantially 
different  among  regions.  In  the  Southeast  and  Delta 
regions,  where  average  net  worth  was  relatively  low,  the 
median  increased  about  $1,400.  However,  the  median 
increased  $2,500  for  the  Southern  Plains,  where  average 
net  worth  was  the  highest.  Except  for  the  Mountain 
regions,  distribution  of  money  income  and  net  worth 
among  farm  families  was  considerably  more  equal  than 
the  distribution  of  money  income.  Although  the 
Mountain  region  had  the  second  highest  net  worth,  the 
median  increased  the  least— $1,300.  Distribution  of  net 
worth  among  families  in  the  Mountain  States  is  probably 
less  equal  than  that  of  families  in  other  regions. 

Slightly  over  1  million  farm  families  had  money 
income  of  less  than  $2,500  in  1966.  When  net  worth  was 
added  to  money  income,  54  percent  moved  to  a  higher 
well-being  group  (table  4).  Thus,  only  15  percent  of  the 
families  had  levels  of  well-being  below  $2,500,  compared 
with  32  percent  with  money  incomes  at  this  level. 
Approximately  61  percent  of  families  with  money 
incomes  of  $2,500  to  $4,999  moved  to  a  higher  group 
with  the  incorporation  of  net  worth. 

The  results  of  this  study  appear  to  be  opposite  to 
those  obtained  by  Weisbrod  and  Hansen  for  all  U.S. 
families.  Weisbrod  and  Hansen  concluded  that  the 
distribution  of  well-being  became  less  equal  with  the 
addition  of  net  worth  (13,  pp.  1320-1321).  The  result 
for  farm  families  differs  because  the  net  worth-income 
ratio  decreased  as  money  income  increased  (table  2).  For 
all  U.S.  families,  Weisbrod  and  Hansen  found  that  the 
net  worth-income  ratio  increased  with  the  level  of 
money  income.  The  economic  position  of  older  farm 
families  contributes  considerably  to  the  decreasing  net 
worth-income  ratio  found  in  this  study.  Many  of  them 
have  low  money  incomes  while,  at  the  same  time,  they 
typically  have  large  net  worths  (table  5). 

Comparison  with  all  U.S.  families.  The  analysis  was 
repeated  for  farm  families,  using  the  4-percent  annuity 
rate.  This  procedure  allowed  direct  comparison  of  results 
for  the  farm  group  with  those  of  Weisbrod  and  Hansen. 
The  distribution  of  well-being  of  farm  families  is  almost 
identical  to  that  of  all  U.S.  families  when  wealth  and 
nonmoney  income  are  considered  (table  6  and  figs.  5 
and  6).  The  index  of  integration,  based  on  money  income 
between  farm  and  all  U.S.  families,  was  0.76  in  1966 
(11).  When  wealth  was  added,  the  index  jumped  to  0.91. 

Comparison  of  cross-sectional  findings  from  different 
years    may   appear  questionable   because  underlying 
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Table  4.— Distribution  of  U.S.  farm  families  by  money  income  and  by  combined  money  income  and  annuity  ,  19661 


Money  income 

Distribu- 

Money income-annuity  size  class 
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89 

3 

$15,000-$24,000    .  .  . 

84 

63 

21 

$25,000  or  more  .... 

33 

33 

Total   

3,149 

460 

761 

1,223 

455 

186 

64 

1  Based  on  tabulations  from  the  1966  Pesticide  and  General  Farm  Survey. 


economic  conditions  may  differ.  However,  there  is  some 
evidence  that  the  distribution  of  net  worth  for  the 
population  as  a  whole  has  remained  stable— at  least 
between  1953  and  1962  (5). 

Older  farm  families.  Because  of  their  usually  low 
incomes  and  high  net  worths,  older  farm  families— those 
whose  heads  were  65  or  over— were  analyzed  separately. 
Money  income  was  more  unequally  distributed  among 
older  farm  families  than  for  all  farm  families  (tables  7  and 
1).  In  1966,  60  percent  of  older  farm  families  had 
money  incomes  of  less  than  $2,500.  They  accounted  for 
31  percent  of  all  farm  families  in  that  income  class. 

Although  the  addition  of  net  worth  and  nonmoney 
income  reduced  the  degree  of  inequality  of  well-being 
for  older  families,  the  effect  was  not  as  great  for  all  farm 
families  (tables  7  and  3).  However,  the  increase  in 
median— $3,400— was  higher  and  the  reduction  in  the 
percentage  of  families  in  the  lowest  income  class  was 


greater  for  older  farm  families  than  those  for  all  farm 
families. 

Sixty-eight  percent  of  the  older  farm  families  with 
money  incomes  of  less  than  $2,500  moved  to  a  higher 
well-being  class  when  nonmoney  income  was  considered 
(table  8).  Thus,  about  32  percent  of  the  families  in  the 
under-$2,500  class  remained  there  after  net  worth  was 
added  to  money  income.7 

Concluding  Remarks 

Although  the  study  suggests  that  there  is  little 
difference  in  total  economic  well-being  between  farm  and 
nonfarm  families,  the  underlying  components  differ 
between  the  two  groups.  Nonfarm  families  typically  have 
higher  money  incomes  than  farm  families  but  lower  net 
worths.  Considerable  public  money  is  channeled  into  the 


Table  5.— Average  income,  average  net  worth,  and  net  worth-income  ratio  for  farm 
families,  by  age  of  family  head,  1966 1 


Age  of  family  head 

Number 
of  families 

Average 
total  income 

Average 
net  worth 

Ratio  of 
net  worth 
to  income 

Thousands 

Dollars 

Dollars 

Less  than  35  years  .  .  . 

35-54  years  

55-64  years  

65  years  and  over    .  .  . 

335 
1,493 
807 
514 

5,960 
6,300 
4,510 
3,210 

31,500 
48,280 
46,930 
51,250 

5.28 
7.67 
10.40 
15.98 

All  families  

3,149 

5,300 

46,630 

8.80 

1  Based  on  tabulations  from  the  1966  Pesticide  and  General  Farm  Survey. 
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DISTRIBUTION  OF  MONEY  INCOME  OF  ALL  U.S.  FAMILIES 
AND  FARM  FAMILIES 


Figure  5 

DISTRIBUTION  OF  WELL-BEING  OF  ALL  U.S.  FAMILIES. 
AND  FARM  FAMILIES 


WELL-BEING  (THOUSAND  DOLLARS) 


Figure  6 
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Table  6.— Distribution  of  well-being  for  all  families  in  1962, 
reported  by  Weisbrod  and  Hansen,  and  for  farm  families  in  1966, 
4-percent  annuity 


Well-being  size  class 

All  families1 

Farm  families2 

Percent 

Percent 

T*>se  than  $3  000 

18 

23 

$3,000-14,999   

17 

21 

$5,000-19,999   

42 

38 

$10,000-$14,999  .... 

15 

13 

$15,000424,999  .... 

6 

4 

$25,000  and  over  .... 

2 

1 

.42 

.41 

Index  of  integration 


.91 


1  Source:  ( 13). 

2  Based  on  tabulations  from  the  1966  Pesticide  and  General 
Farm  Survey. 


Table  7.— Distribution  of  older  U.S.  farm  families  by  alternative 
concepts  of  economic  well-being,  1966 1 


Money  income 
size  class 


Money  income 


Less  than  $2,500 
$2,500-$4,999  . 
$5,000-$9,999  . 
$10,000-$14,999 
$15,000-$24,999 
$25,000  or  more 


Mean  .  . 
Median  . 

Gini  ratio 


Percent 

60 
25 
12 
1 
1 
1 


Dollars 

3,200 
1,600 


.511 


Money  income 
and  annuity 


Percent 

19 

35 
29 
9 
5 
3 


Dollars 

7,400 
4,700 


.494 


1  Based  on  tabulations  from  the  1966  Pesticide  and  General 
Farm  Survey. 


Table  8.— Distribution  of  older  farm  families  as  a  result  of  adding  annuity  to  money  income,  by  size  of  money  income, 

19661 


Distribu- 

Income-annuity size  class 

Money  income 

tion  by 

size  class 

money 

Less  than 

$2,500- 

$5,000- 

$10,000- 

$15,000- 

$25,000 

income 

$2,500 

$4,999 

$9,999 

$14,999 

$24,999 

or  more 

Thou. 

Thou. 

Thou. 

Thou. 

Thou. 

Thou. 

Thou. 

Less  than  $2,500  .... 

308 

99 

156 

41 

7 

5 

$2,500-$4,999   

126 

22 

85 

16 

2 

1 

$5,000-$9,999   

64 

24 

25 

10 

5 

$10,000-$14,999    .  .  . 

6 

5 

1 

$15,000-$24,999    .  .  . 

6 

4 

2 

$25,000  or  more  .... 

4 

4 

Total   

514 

99 

178 

150 

48 

26 

13 

1  Based  on  tabulations  from  the  1966  Pesticide  and  General  Farm  Survey. 


farm  sector  via  farm  commodity  programs,  directly 
affecting  the  level  of  well-being  as  measured  here. 
Economists  often  argue  that  many  of  the  benefits  from 
farm  programs  get  capitalized  into  land  values  and  thus 
may  affect  the  level  of  net  worth  more  than  money 
income.  This  is  because  benefits  are  tied  directly  to  land 
resources  rather  than  family  need.  If  these  programs  were 
expanded  untjj  the  level  of  money  income  of  farm  families 
equaled  that  of  nonfarm  families,  the  economic  well-being 
of  farm  families  might  well  exceed  that  of  the  nonfarm 
group.  From  society's  point  of  view,  it  may  be  more  de- 
sirable to  provide  direct  income  support  to  families  in  the 
farm  sector  than  to  further  enhance  the  level  of  net  worth. 
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Appendix 

Three  annuity  rates  were  used  in  conjunction  with  a 
4-percent  return  to  equity  to  test  the  sensitivity  of  the 
system.  The  first  combination  assumed  that  the  annuity 
rate  and  the  return  to  equity  were  both  4  percent.  The 
second  combination  assumed  a  slightly  better  rate  of 
return  on  the  annuity  than  could  be  obtained  on 
equity— 6  percent.  The  last  case  assumed  that  the 
annuity  interest  rate  was  10  percent,  greatly  exceeding 
the  return  to  equity. 

The  annuity  rate  used  had  little  effect  on  the 
inequality  of  the  distribution  of  economic  well-being 
(table  A-l).  The  Gini  ratio  was  reduced  from  0.475  to 


Table  A-l.— Distribution  of  farm  families  by  amount  of  money 
income  plus  annuity  at  alternative  annuity  rates,  U.S.  farm 
famibes,  19661 


Money  income 
size  class 


Distribu- 
tion by 
money 
income 


Money  income  plus- 


4-percent 
annuity 


6-percent 
annuity 


10-percent 
annuity 


Percent     Percent      Percent  Percent 


Less  than  $2,500  . 

32 

17 

15 

11 

$2,500-14,999  .  . 

26 

26 

24 

20 

$5,00049,999  .  . 

30 

39 

39 

38 

$10,000-$14,999  . 

8 

13 

14 

18 

$15,000424,999  . 

3 

4 

6 

9 

$25,000  or  more  . 

1 

1 

2 

4 

Dollars 

Dollars 

Dollars 

Dollars 

Mean  

5,300 

6,900 

7,600 

9,200 

Median   

4,200 

5,700 

6,100 

7,200 

Gini  ratio  

.475 

.411 

.414 

.415 

1  Based  on  tabulations  from  the  1966  Pesticide  and  General 
Farm  Survey. 


0.411  with  the  inclusion  of  net  worth,  assuming  a 
4-percent  annuity.  However,  when  the  annuity  rate  was 
increased  to  6  and  10  percent,  the  Gini  ratio  changed 
only  slightly.  Without  a  valid  statistical  test  of 
significance  for  differences  in  the  Gini  ratio,  the 
variations  noted  above  cannot  be  evaluated  as 
meaningful. 

The  annuity  rate  greatly  affected  the  mean  and 
median  levels  of  economic  well-being— a  result  which  was 
not  surprising.  The  higher  the  annuity  rate,  the  higher 
the  payment.  The  median  increased  $1,500  with  a 
4-percent  annuity  and  $3,000  with  a  10-percent  annuity 
above  that  of  money  income  alone.  Although  the 
percentage  of  families  with  incomes  between  $2,500  and 
$9,999  changed  only  slightly  as  the  annuity  rate 
increased,  the  percentage  with  incomes  of  less  than 
$2,500  substantially  decreased.  Also,  the  percentage  of 
families  with  incomes  of  $10,000  or  more  greatly 
increased  as  the  annuity  rate  increased. 

Footnotes 


1  Italic  numbers  in  parentheses  refer  to  items  in  References, 
page  68. 

2  The  annuity  formula  gives  more  weight  to  net  worth  as  the 
age  of  the  family  head  increases.  An  older  individual  can  enjoy  a 
higher  level  of  consumption  from  a  given  net  worth  over  his 
remaining  lifetime  than  a  younger  individual. 
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3The  annuity  principle  allows  for  both  an  interest  return  and 
the  consumption  of  the  principle  over  the  lifetime  of  the 
individual.  It  is  the  interest  return  during  the  first  year  of  the 
annuity  that  we  wish  to  avoid  double  counting.  The  return  to 
capital  is  merely  subtracted  out  and  then  added  back  in  as 
interest. 

4 Farm  production  regions:  Northeast— Maine,  N.H.,  Vt., 
Mass.,  R.I.,  Conn.,  N.Y.,  NJ.,  Pa.,  Del,  Md.;  Appalachian- Va., 
W.  Va.,  N.C.,  Ky.,  Term.;  Southeast-S.C,  Ga.,  Fla.,  Ala.: 
Delta-Miss.,  Ark.,  La.:  Corn  Belt-Ohio,  Ind.,  111.,  Iowa.,  Mo.; 
Lake  States-Mich.,  Wis.,  Minn.;  Northern  Plains-N.  Dak., 
S.  Dak.,  Nebr.,  Kans.;  Southern  Plains— Okla.,  Tex,;  Mountain- 
Mont.,  Idaho,  Wyo.,  Colo.,  N.  Mex.,  Ariz.,  Utah,  Nev.; 
Pacific— Wash.,  Oreg.,  Cahf. 

5  The  results  were  expected  to  be  sensitive  to  both  the  rate  of 
return  to  capital  and  the  interest  rate  used  in  calculating  the 


annuity.  Three  combinations  of  these  were  used  to  test  the 
sensitivity  of  the  system.  The  results  are  presented  in  the 
appendix. 

6Projector  and  Weiss  estimated  the  average  net  worth  of  all 
U.S.  famihes  and  unrelated  individuals  in  1962  at  $20,980.  For 
comparison,  an  index  of  proprietor's  equities  in  agriculture  was 
developed  and  used  to  deflate  the  net  worth  of  farm  families  in 
1966  to  1962  levels.  The  resulting  figure  for  all  U.S.  farm 
families  was  $40,110. 

7Several  alternatives  are  available  to  older  farm  famihes  for 
liquidating  their  real  estate  assets  for  use  as  retirement  income. 
However,  many  older  low-income  farm  people  own  real  estate 
which  they  cannot  sell  without  losing  their  home  and  a  major 
source  of  income.  A  program  has  been  suggested  which  would 
allow  older  farm  people  to  consume  their  equity  over  time  while 
still  retaining  the  other  benefits  of  property  (3). 
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A  Methods  Note  on  the  Gauss-Seidel  Algorithm  for 
Solving  Econometric  Models 

By  Dale  Heien,  Jim  Matthews,  and  Abner  Womack 

A  particular  numerical  analytical  technique  for  solving  systems  of  simultaneous  equations 
which  offers  several  advantages  to  the  user  over  other  numerical  techniques  is  discussed. 
The  Gauss-Seidel  algorithm  is  simply  an  iterative  technique  which  requires  no  derivatives, 
matrix  inversion,  eigenvalue  computation,  or  any  other  sophisticated  numerical  methodo- 
logy. While  the  technique  has  been  used  successfully  by  a  few  large  scale  model  builders 
and  by  the  authors  for  several  commodity  models,  the  experience  gained  in  the  use  of  the 
technique  has  not  been  generally  disseminated.  Obtaining  convergence  with  such  an  iterative 
technique  is  critically  dependent  on  a  number  of  factors  which  are  taken  up  in  some  detail 
by  the  authors. 

Keywords:  Solutions,  mathematical  analysis,  numerical,  methodology,  nonlinear,  equations. 


Once  an  econometric  model  has  been  specified  and 
estimated,  the  next  step  involves  some  procedure  to 
solve  the  model.  This  is  done  to  obtain  the  reduced-form 
multipliers  and  to  make  forecasts  for  some  future  period 
or  to  examine  the  model's  "track  record"  over  the 
period  of  fit.  The  typical  textbook  approach  to  this 
problem  is  to  treat  the  model  as  a  set  of  simultaneous 
linear  equations.  In  the  conventional  matrix  terminology 
we  have 

j3j  +  Fx  =  0 

where  )3  is  a  GxG  matrix  of  coefficients  of  the 
endogenous  variables,  y  is  a  Gxl  vector  of  endogenous 
variables,  T  is  a  GxK  matrix  of  coefficients  on  the 
exogenous  variables,  and  x  is  a  Kxl  vector  of  exogenous 
variables.  The  solution,  or  reduced  form,  of  the  model  is 

y  =  -j3-1  Tx  =  ttx 

where 


is  the  GxK  matrix  of  reduced- form  multipliers.  The  main 
problem  here  is  the  calculation  of  j3_1 ,  and  this  can  be 
accomplished  by  well-known  numerical  techniques. 

Unfortunately,  few  econometric  models  can  be 
represented  by  a  set  of  linear  equations.  For  example, 
fundamental  identities  (such  as  price  times  quantity 
equals  total  revenue)  as  well  as  many  other  basic 
variables  (relative  prices,  real  income,  etc.),  form  ratios 


that  render  the  model  nonlinear.  In  the  past,  this 
nonlinear  impasse  was  handled  in  three  ways.  First,  the 
nonlinear  relations  in  the  model  could  be  linearized  by 
using  the  first-order  terms  of  a  Taylor  series  expansion 
of  the  function.1  Second,  classical  Newtonian  numerical 
analytic  techniques  could  be  applied  to  solve 
simultaneous  nonlinear  equations.  Third,  the  model  was 
simply  never  solved.  Unfortunately,  the  third  route  was 
often  the  one  chosen.  The  advent  of  large  scale  models, 
such  as  the  Brookings-SSRC  model  with  extensive 
nonlinearities,  rendered  the  first  two  approaches 
uneconomical  and  cumbersome.  Attempts  were  also 
made  to  divide  the  model  into  linear  blocks  with 
nonlinear  relations  between  them.  Iterative  techniques 
were  then  proposed  to  bridge  these  blocks.2 

Recently,  large  scale  model  builders  have  rediscovered 
an  old  numerical  analytic  technique  for  solving  linear 
and  nonlinear  simultaneous  equations.  This  technique  is 
the  Gauss-Seidel  method.  The  Gauss-Seidel  method  is 
simply  an  iterative  technique  which  requires  no 
derivatives,  matrix  inversion,  eigenvalue  computation,  or 
any  other  sophisticated  numerical  methodology.  Writing 
the  equations  of  the  model  in  the  following  form, 

Ji  =/i(y2,j3,  •  •    Ye* i>*2,  ■  ■  xk) 

J2  =/2(yi,y3,  •  •  sJG'^l'  *2-  •  -,xk) 


yc  -/c(yi,j3, •  •    JC-!,  xux2,..  .,xr) 

Footnotes  are  on  p.  75. 
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y°  =  (j°2,y°2,..,yG) 

we  can  compute  a  first  round  of  y's  (y1)  from  these 
initial  guesses 

y\  =fi  (y2,j3,  •  •  ■,y(Q,x1,x2, . .  .,xK) 

y\  =/2(yi,  J°,  •  •    yG,  *i,*2,  •  • 

->'g"/g(>'1'>'2,J3,  •  • ., yG_x,  *i«  *2'  •  • 

These  first-round  guesses  can  now  be  used  to  generate  a 
second  round  (y2  )  according  to 

y\  =h(y\,y\,  ■  ■  -,yc,*i,*2, . .  .,xK) 
y\  =fo(y\,y\,  ■  ■  -,yG,*i,*2, . . .,  xK^ 

yb  ^cCxi' yl,  yl,  •  •  •,  yg-i'     *«»'■•»  **:)• 

This  iteration  scheme  is  repeated  until  some  specified 
tolerance  level  is  reached  so  that 

l(yf -rf-^/jf^KS 

where  5  is  a  small  positive  number. 

Whether  a  solution  exists  for  any  given  econometric 
model  is  a  problem  aside  from  the  use  of  the 
Gauss-Seidel  technique.  One  necessary  but  not  sufficient 
condition  is  that  the  number  of  equations  equals  the 
number  of  unknowns.  Although  equality  between  the 
number  of  equations  and  the  number  of  unknowns  is  no 
guarantee  that  a  solution  exists,  in  practice  this  is  the 
main  consideration.  More  common  is  the  phenomenon 
of  multiple  solutions.  A  relation  such  as  the  "Phillips" 
curve 

w  =0<> 

where  w  is  the  percent  change  in  money  wages  and  UR  is 
the  unemployment  rate  is  defined  in  the  first  and  third 
quadrants.  Hence,  it  is  possible  to  have  solutions  to  the 
model  which  yield  falling  wages  at  negative 
unemployment  rates.  If  multiple  solutions  should  occur, 
computer  program  statements  can  be  included  to  force 
the  model  solution  out  of  those  regions  that  do  not 
apply  or  that  are  a  priori  unreasonable. 


If  we  proceed  on  the  basis  that  a  unique  solution 
exists  for  some  simultaneous  set  of  nonlinear  equations, 
numerical  routines  such  as  the  Gauss-Seidel  algorithm 
provide  many  advantages  over  classical  nonlinear 
methods.  However,  obtaining  convergence  with  this 
technique  is  critically  dependent  on  (1)  normalization, 
(2)  the  ordering  of  the  equations,  and  (3)  the  use  of 
dampening  factors. 

The  Problem  of  Normalization 

Suppose  that  an  equation  has  been  fitted  for  a 
particular  endogenous  variable  and  that  other 
endogenous  variables  are  contained  in  this  relationship. 
It  is  possible  to  renormalize  this  equation  on  one  of  the 
other  endogenous  variables.  However,  convergence  of 
the  system  can  be  shown  to  depend  on  which  of  the 
variables  is  on  the  left  side  of  the  equation.  This  is 
demonstrated  for  a  simple  two-variable,  two-equation 
case  as  follows: 

ft  +  -2y2  =  4 

-ft  +J2  =2 

where  the  analytical  solution  isyi  =  3,  y2  =  5. 

The  following  normalization  gives  a  converging 
system: 

y,  -  4  =  .2y2 
y2  =2+yj 

Let  y0  =(yi  ,  y%)  =(15,  15).3  Then  the  iteration 
sequence  becomes: 

y11=4-.2(15)=l,y1=(l,3) 

y\  =  2  +  1  =  3 

y\  =  4-  .2(3)  =  3.4,  y2  =  (3.4,  5.4) 

yl  =  2  +  3.4  =  5.4 

y\  =  4-  .2(5.4)  =  2.92,  y3  =  (2.92,  4.92) 

yl  =  2  +  2.92  =  4.92 

y\  =  4-  .2(4.92)  =  3.016,  y4  =  (3.016,  5.016) 

y\  =  2  +  3.016  =  5.016 

y\  =  4-  .2(5.016)  =  2.9968,  y5  =  (2.9968,  4.9968) 
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y\  =  2  +  2.9968  =  4.9968 


It  can  be  seen  from  the  above  sequence  that  for  a 
given  8  >  0  this  normalization  will  converge  to  a  set  such 
that    \(yf    -  )/y|t-1|<    5    where    5    is  some 

predetermined  tolerance  level. 

The  following  normalization  of  the  same  model, 
however,  would  result  in  a  diverging  system: 

y2  =20-  5y, 
Ti  =-2  +  y2 

Let  jo  =  (15,  15).  Then  the  iteration  sequence  becomes: 
y\  =  20-  5(15)  =  -55, y1  =(-57,-55) 

y\  =-2  +  (-55)  =  -57 
y\  =  20  -  5(-  57)  =  305,  y  2  =  (303,  305) 
y\  =  -2  +  (305)  =  303 
j!  =  20  -  5(303)  =.  - 1495,  y3  =  (- 1497,  - 1495) 
y?  =-2  +  (-1495)  =  -1497 


Obviously  this  normalization  choice  will  not  converge  to 
the  solution  set. 

Use  of  the  Gauss-Seidel  algorithm  requires  a  unique 
dependent  variable  for  each  equation.  Experience  has 
shown  that  convergence  is  enhanced  if  the  dependent 
variable  is  the  one  which  was  normalized  on  in  the 
regression  used  to  obtain  the  estimate.  If,  for  example, 
an  equation  is  fitted  by  least  squares  with  ji  as  the 
dependent  variable  and  then  solved  for  some  other 
variable  as  dependent  (say  y2),  then  the  model  will 
sometimes  not  converge.  However,  if  the  equation  is 
refitted  with  y2  as  the  dependent  variable,  the 
convergence  problem  frequently  disappears.  Further- 
more, specification  of  an  econometric  model  where  each 
equation  has  a  unique  dependent  variable  makes  a  great 
deal  of  sense  from  the  causal  point  of  view.4 

Ordering  of  the  Equations 

By  the  notion  of  ordering  is  meant  the  order  in  which 
the    equations    are     positioned    so    that  iterative 


computation  can  take  place.  The  procedure  suggested  is 
to  arrange  the  equations  so  that  the  matrix  of 
endogenous  variables  would  be  as  triangular  as  possible.5 
Consider,  for  example,  the  following  set  of  five  equations 
where  yf,  i  =  1,  .  .  .  ,5  is  the  set  of  endogenous  variables 
and  Zj,  i=l,  .  .  .  ,  5  is  some  set  of  exogenous  variables: 

y\  =/02,j5,Zl) 
J2  =/<>3,Z2) 

j3  =/(y~2,yi,  z3) 
ys  =  /(y2,  zs) 

A  first  attempt  at  a  solution  set  for  the  above  system 
could  be  determined  by  ordering  the  equations  as 
outlined  above.  This  ordering  is  illustrated  in  matrix 
form  in  exhibit  A.  The  z's  in  the  matrix  represent  the 
endogenous  variables  in  each  equation. 


Exhibit  A 

Variable 

J2    ys  y4 


Equation 

J5 
J3 
J2 

y\ 


y\ 


ys 


As  can  be  readily  observed,  it  is  not  possible  to  order 
the  equations  so  that  a  triangular  matrix  is  obtained. 
However,  this  ordering  is  as  triangular  as  possible.  A  first 
attempt  at  a  solution  would  be  to  use  the  ordering  y4, 
Js^  J3j  J2>  yi  •  K  this  sequence  does  not  coverge  it  will 
most  likely  be  caused  by  the  position  of  y4  andys  since 
these  two  equations  have  variables  outside  the  triangular 
block.  Should  this  ordering  diverge,  the  ordering y4,  y1, 
y3?  y2>  Js  could  be  tried.  Where  convergence  is  not 
obtained  after  several  orderings  have  been  tried,  the 
suspect  equations  should  be  pulled  out  of  the  system.  If 
the  remaining  equations  converge,  then  more  careful 
attention  should  be  given  to  the  equations  preventing 
convergence.  It  could  be  a  problem  of  normalization  or  a 
simple  mechanical  error  in  the  equation.  It  is  also 
possible  that  the  Gauss-Seidel  technique  cannot  find  a 
solution.  However,  inability  to  find  a  solution  using  this 
technique  has  not  been  a  problem  in  models  solved  by 
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the  authors.  Where  convergence  has  been  a  problem,  the 
use  of  a  dampening  factor  has  frequently  been 
beneficial. 

Use  of  a  Dampening  Factor 

A  dampening  factor  may  be  applied  to  any  one  or  all 
of  the  equations  to  aid  in  obtaining  convergence.  An 
integer  k,  for  0</c  <  1,  is  multiplied  by  yf* ,  the  mth 
equation  in  the  interdependent  system,  where  m 
represents  the  iteration  number.  (1— k)  times  y™'1  is 
then  added  to  the  equation,  so  that 

yf  =*  •  y™  +  1'  =  l, ...,G 

A  primary  reason  for  using  a  dampening  factor  is  that  it 
helps  prevent  a  diverging  arrangement  of  the  equations 
from  dominating  the  system.  A  dampening  factor  in 
effect  allows  other  equations  more  rounds  to  converge 
and  tends  to  pull  the  diverging  arrangement  back  toward 
convergence.  As  an  example,  consider  again  the  diverging 
system  presented  earlier  and  let  k  -  .25. 

y2  =20-5yi 

Ji  =-2  +  y2 

We  have  already  seen  that  this  normalization  will  not 
lead  to  convergence  even  though  the  system  of  equations 
has  a  solution  set  y  i  =  3,  y2  -  5. 

Let  y°  =  (y?,  y%)  -  (15,  15)  where  the  dampened 
system  is  given  by 

yS,=T2,"1(l-.25)+.25  (20-5ri) 

yy=ry-i(l-.25)+.25(-2+y2) 

Plugging  y0  in  the  initial  starting  set  in  the  above 
equation  will  lead  to  convergence  after  approximately 
25  iterations. 

The  comments  presented  cover  the  basic  considera- 
tions in  using  the  Gauss-Seidel  algorithm  to  solve 
systems  of  simultaneous  equations.  Additional  dis- 
cussions of  numerical  techniques  can  be  found  in  (3,  6, 
9,  11).  Computer  programs  incorporating  the 
Gauss-Seidel  algorithm  have  been  prepared  by  Norman 
and  also  by  Green  and  Pritchard  (  5,  10).  The  computer 
program  prepared  by  Green  and  Pritchard  varies  slightly 
from  the  one  suggested  by  Norman  and  was  used  by  the 
authors  in  preparing  computer  simulation  programs  for 
beef,  pork,"  broilers,  turkeys,  eggs,  oranges,  and 
soybeans.  Though  these  models  are  relatively  small  (7  to 


35  equations),  the  authors  felt  that  substantial  savings  in 
computer  costs  and  time  could  be  attributed  to  the  use 
of  the  Gauss-Seidel  algorithm.  Each  of  the  models 
required  extensive  testing  in  its  initial  development.  This 
frequently  involved  use  of  alternative  equations  which 
could  be  easily  interchanged  in  the  Gauss-Seidel  routine 
as  opposed  to  the  more  cumbersome  matrix  inversion 
approach  to  obtain  the  reduced-form  solution.  In 
addition,  some  of  these  models  contain  price  ratios  and 
other  forms  of  nonlinearities  in  the  endogenous  variables 
which  would  have  required  linear  approximations  by  the 
Taylor  series  if  the  reduced-form  technique  had  been 
used  to  obtain  a  solution. 

The  typical  cost  of  obtaining  a  model  solution  with 
the  Gauss-Seidel  technique  ranged  from  $3  to  $5  for 
these  models,  or  about  half  the  cost  of  the  matrix 
inversion  approach.  A  subroutine  for  obtaining  the 
impact  multipliers  is  included.  The  programs  for  these 
agricultural  models  are  available  from  the  author  on 
request.  A  typical  program  for  an  18-equation 
simultaneous  model  of  the  U.S.  beef  economy  is  given  in 
the  appendix  to  this  report. 
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Footnotes 

'Considerations  in  the  use  of  the  Taylor  series  to  obtain 
linear  approximations  have  been  discussed  previously  in  this 
journal  by  Womack  and  Matthews  (12).  (Italic  numbers  in 
parentheses  indicate  items  in  the  References,  p.  73.) 

2  This  approach  is  reported  by  C.  Holt  (7). 

3  Any  real  number  for  y%  will  suffice  since  y%  is  not  used 
in  the  iterative  computation. 

4For  further  elaboration  of  this  concept,  see  Fisher  (4). 

5  Experience  with  interdependent  model  systems  indicates 
that  the  more  nearly  the  equations  are  aligned  in  a  causal 
chain,  stimulus-response  form,  the  higher  is  the  probability  of 
obtaining  convergence.  This  leads  to  a  form  that  is  as 
recursive  and  hence  as  triangular  as  possible. 
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A  Dynamic  Model  of  the  U.S.  Tobacco  Economy 


By  Jitendar  S.  Mann 


A  14-equation  recursive  model  is  developed  for  (1)  flue-cured  acreage,  (2)  burley  acreage, 
(3)  flue-cured  price,  (4)  burley  price,  and  (5)  consumer  demand  for  cigarettes.  The  coef- 
ficients are  estimated  using  data  for  1954-70.  The  reduced  form  and  the  impact  multipliers 
are  derived.  The  multipliers  are  used  to  illustrate  the  impact  of  a  3.5-cent  increase  in  the 
support  rate  for  flue-cured  tobacco.  A  comparison  of  the  reduced-form  estimated  values 
with  observed  values  of  14  endogenous  variables  showed  a  good  fit  for  the  model  over  the 
period  studied. 

Keywords:  Flue-cured,  burley,  recursive  model,  multipliers. 


Recent  public  consciousness  about  the  problem  of 
smoking  and  health,  and  changes  in  advertising  policy 
for  cigarettes  are  critical  factors  which  may  modify  the 
demand  for  tobacco  products.  The  production, 
distribution,  and  manufacturing  processes  are  faced  with 
several  potential  technological  innovations  (3).1  These, 
combined  with  Government  policy  programs  aimed  at 
controlling  the  supply  of  certain  types  of  tobacco,  are  the 
major  features  of  the  dynamics  of  the  tobacco  market. 

To  analyze  the  effects  of  potential  changes,  an 
econometric  model  of  the  U.S.  tobacco  economy  is 
constructed.  The  model,  based  on  annual  data,  will  be 
useful  in  studying  long-run  changes  in  the  tobacco 
economy.2  The  model  includes  five  behavioral 
equations:  (1)  flue-cured  leaf  production,  (2)  burley  leaf 
production,  (3)  flue-cured  leaf  price,  (4)  burley  leaf 
price,  and  (5)  consumer  demand  for  cigarettes. 
Flue-cured  and  burley  tobacco  account  for  over  90 
percent  of  total  tobacco  production.  These  two  types  of 
tobacco,  along  with  small  quantities  of  Maryland  and 
imported  oriental  types,  are  used  in  the  manufacture  of 
cigarettes.  The  analysis  thus  includes  the  major  part  of 
the  U.S.  tobacco  economy. 

Flue-cured  tobacco  is  grown  mainly  in  Virginia, 
North  Carolina,  South  Carolina,  Georgia  and  Florida. 
Burley  is  produced  principally  in  Kentucky,  Tennessee, 
Ohio,  Indiana,  West  Virginia,  Virginia,  North  Carolina 
and  Missouri.  After  harvesting,  the  tobacco  is  cured,  a 
process  which  involves  drying  by  the  application  of 
regulated  heat  for  flue-cured  and  air  circulation  for 
burley.  The  cured  tobacco  is  moved  to  the  auction 


Footnotes  are  on  p.  85. 


market  for  sale.  There  it  is  purchased  by  representatives 
of  manufacturers  or  dealers,  or  if  it  is  eligible  for  price 
support  and  the  bid  is  not  high  enough,  it  is  taken  by  the 
cooperative  association.  In  either  case  it  is  put  into 
storage  after  redrying  or  stemming. 

The  two  important  features  of  Government  policy  are 
marketing  quotas  and  price  support.  A  national 
marketing  quota  for  each  type  of  tobacco  is  proclaimed 
for  3  years,  and  the  quota  for  each  year  is  announced 
annually.  Acreage  allotments  are  used  to  implement  the 
marketing  quotas  for  tobacco.3  These  quotas  have  to  be 
approved  by  the  producers  in  a  referendum  every  3 
years.  A  national  quota  is  proclaimed  if  the  total  supply 
exceeds  the  reserve  supply  level.  The  reserve  supply  is 
the  normal  supply  plus  5  percent  to  meet  domestic  and 
foreign  demand  in  years  of  drought,  flood,  and  other 
adverse  conditions.  Normal  supply  is  the  normal  year's 
domestic  consumption  and  exports  (average  domestic 
consumption  and  exports  for  the  last  10  marketing  years 
adjusted  for  trends)  plus  175  percent  of  a  normal  year's 
domestic  consumption  and  65  percent  of  a  normal  year's 
export  as  an  allowance  for  a  normal  carryover. 

For  those  years  in  which  the  marketing  quota  has  not 
been  disapproved  by  the  producers,  the  support  level  is 
determined  by  adjusting  the  1959  support  price  upward 
or  downward  in  proportion  to  a  change  in  a  3-year 
moving  average  of  the  parity  index.  If  the  marketing 
quota  is  disapproved  by  the  producers,  no  price  support 
is  available  for  that  year. 

The  model  is  set  up  in  terms  of  a  recursive  system 
including  supply  equations,  leaf  price  equations,  and 
cigarette  demand  equation.  These  behavioral  equations 
are  tied  together  into  the  system  by  a  set  of  identities 
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describing  certain  technical  and  marketing  characteristics 
of  the  tobacco  economy. 

Variables 

The  following  14  variables  are  treated  as  endogenous 
in  the  system.  They  are  recursively  determined  in  a 
system  of  14  equations  by  the  predetermined  variables 
included  in  the  system.  The  dividing  line  between 
endogenous  and  predetermined  variables  is  arbitrary  and 
changes  as  the  scope  of  research  expands.  For  example, 
behavioral  equations  can  be  developed  for  tobacco  and 
cigarette  exports,  and  those  variables  will  move  from  the 
predetermined  to  the  endogenous  group. 

AFf  =  acreage  of  flue-cured  tobacco  (1,000  acres) 

ABt  =  acreage  of  burley  tobacco  (1,000  acres) 

PF t  =  average  price  per  pound  to  growers,  flue-cured 
(cents  per  pound) 

PBt  =  average  price  per  pound  to  growers,  burley 
(cents  per  pound) 

QPFt  =  production   of  flue-cured  tobacco  (million 
pounds) 

QPBt  =  production  of  burley  (million  pounds) 

SFt+1  =  year-end     inventory,     flue-cured  (million 
pounds) 

SBt+i  =  year-end  inventory,  burley  (million  pounds) 

DFf  =  flue-cured  tobacco  used  in  cigarette  manu- 
facturing (million  pounds) 

DBf  -  burley  tobacco  used  in  cigarette  manu- 
facturing (million  pounds) 

QCt  =  per  capita  cigarette  consumption  (in  terms  of 
population  18  years  old  and  over) 

QCCt  =  total   domestic  cigarette  consumption  (bil- 
lions) 

PCt  =  consumer  price  index  for  tobacco  products, 
deflated  by  the  consumer  price  index  (1967  = 
100) 

QCPt  -  production  of  cigarettes  (billions). 

The  following  variables  are  treated  as  predetermined  in 
the  present  analysis.  These  variables  include  policy, 
technological,  and  other  outside  factors  affecting  the 
tobacco  economy. 
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ALFf  =  acreage  allotted,  flue-cured  (1,000  acres) 

ALBt  =  acreage  allotted,  burley  (1,000  acres) 

SFf  -  beginning  year  stocks  of  flue-cured  (million 
pounds) 

SBt  -  beginning    year    stocks    of   burley  (million 
pounds) 

SPFf   -  support  price,  flue-cured  (cents  per  pound) 

SPBt   =  support  price,  burley  (cents  per  pound) 

QFf  =  percent  of  total  flue-cured  crop  which  is  choice, 
fine,  and  good  quality 

QBf  =  percent  of  burley  crop  which  is  choice,  fine, 
and  good  quality 

XFt  -  exports  of  flue-cured  tobacco  (million  pounds) 

XBt  -  exports  of  burley  tobacco  (million  pounds) 

ODFt  =  flue-cured  tobacco  used  for  other  products 
(million  pounds) 

ODBf  =  burley  tobacco  used  for  other  products  (million 
pounds) 

FLt  =  percent  of  cigarettes  filter-tipped 

It  -  per  capita  disposable  income  (1958  dollars) 

QCXt   =  quantity  of  cigarettes  exported  (billion) 

The  following  multiplicative  factors  are  used  to  make  the 
units  in  various  markets  comparable.  Values  for  these 
factors  for  each  year  can  be  inserted  in  the  system  and 
will  satisfy  the  necessary  equilibrium  condition.  However, 
to  simplify  the  computational  work,  average  values  for  the 
3-year  period  1968-70  were  used  in  the  following  analysis. 

YF  -  yield  per  acre,  flue-cured  (1,000  pounds) 

YB  =  yield  per  acre,  burley  (1,000  pounds) 

F  -  pounds  of  flue-cured  tobacco  used  per  1,000 
cigarettes 

B  =  pounds   of   burley    tobacco   used    per  1,000 
cigarettes 

P  =  population  18  years  old  and  over  (billion) 


The  Model 

The  model  consists  of  five  behavioral  equations  and 
nine  technological  and  market  clearing  identities.  The 
system  brings  together  the  forces  of  Government  policy, 
technological  factors,  market  mechanism,  and  consumer 
decisionmaking. 

The  coefficients  of  the  behavioral  equations  are 
estimated  from  data  for  1954-70.  As  the  system  is 
recursive,  the  coefficients  are  estimated  by  ordinary  least 
squares.  The  estimated  model  is  discussed  below.  The 
values  in  parentheses  under  the  coefficients  are  the  t 
values  of  the  coefficients.  DW  stands  for  the 
Durbin-Watson  statistic,  and  is  reported  only  for  those 
equations  in  which  the  lagged  value  of  the  dependent 
variable  is  not  included  in  the  regression  (J,  p.  410).  The 
squared  multiple  correlation  has  been  corrected  for 
degrees  of  freedom. 

Both  flue-cured  and  burley  tobacco  were  subject  to 
acreage  allotments  and  price  support  during  the  years 
studied.  (See,  however,  footnote  3.)  The  model  takes 
these  policy  instruments  into  account.  The  acreage 
equations  are  of  cobweb  type.  The  acreage  is  a  function 
of  lagged  acreage,  lagged  price,  and  acreage  allotted. 


predetermined  variables  only.  This  means  that  the  model 
can  be  modified  so  that  exogenously  estimated  acreage 
or  production  can  be  brought  in  at  this  stage.  This 
enables  us  to  study  the  effect  of  technological  changes  in 
the  production  sector  in  several  ways  and  incorporate 
those  into  the  model. 

The  price  equations  represent  the  process  of  price 
formation  in  the  auction  markets.  The  supply,  consisting 
of  production  from  current  year's  crop,  is  inelastic  and 
must  be  sold  as  the  farmer  has  very  limited  storage 
facilities.  However,  at  the  same  time,  the  auction  price 
has  to  be  more  than  the  support  rate.4  On  the  side  of 
the  buyers,  the  size  of  existing  stocks  to  which  the 
current  purchases  are  to  be  added  is  a  potential  factor  in 
determining  the  price  bid. 

(5)  PFt  =  - 14.51534  -  0.00109(£PFt  +  SFt) 
(0.22426) 

+  1.35435SPFt  +  0.26428()Ft 
(4.15982)  (0.90356) 

R2  =  0.884 
DW  =1.650 


(1)  AFt  =  -323.18040  +  0.08671^.! 

(0.84499) 

+  3.53768PFt_j  +  1.0355L4LF, 
(2.33589)  (10.10719) 

R2  =  0.978 

(2)  ABt  =  -77.00651  +  0.14865,4£t_1 

(1.55789) 

+  0.33717?^  +  1.01089^4L5t 
(0.50540)  (16.21848) 

R2  =  0.984 

In  each  case  the  variables  included  explain  98  percent 
of  the  variation  in  acreage.  The  signs  of  the  coefficients 
are  also  correct.  The  acreage  allotted  has  a  strong  effect 
on  acres  harvested  as  indicated  by  the  high  t  values. 
From  these  acreage  estimates,  production  is  obtained  by 
multiplying  by  average  yield. 

(3)  QPFt=YFxAFt 

(4)  QPBt  =  YB  x  ABt 

Up  to  this  stage,  we  have  explained  acreage  and 
production     (endogenous    variables)    in    terms  of 


(6)  PBt  =  59.90805  -  0.02081  (QPBt  +  SBt) 

(2.78366) 

+0.51084SPB,  +  O.445420J3, 
(3.66681)  (4.10601) 

R2  =  0.789 
DW  =  1.403 

During  those  years  when  producers  approve  the  quota, 
the  price  support  is  available.  The  support  rate  sets  the 
lower  limit  to  the  price  in  the  auction  markets.  This 
explains  the  high  t  values  for  this  variable  in  the  above 
equations. 

The  tobacco  markets  satisfy  the  following 
market-clearing  identities: 

(7)  SFt+1  -  SFt  =  QPFt  -  DFt  -  XFt  -  0DFt 

(8)  SBt+1  -  SBt  =  QPBt  -  DBt  -  XBt  -  ODBt 

This  means  that  the  excess  of  production  over  domestic 
disappearance  and  export  is  inventory  demand  and  is 
added  to  stocks  of  tobacco.  In  actual  practice,  production 
for  the  current  year  is  added  to  the  carryover,  and  tobacco 
for  domestic  disappearance  and  export  comes  out  of 
aged  stocks.  This  can  be  shown  by  rewriting  the  above 
identities  appropriately. 
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In  the  absence  of  any  limitations  on  the  availability 
of  data,  we  could  postulate  the  following  price  linkage 
between  the  retail  price  of  cigarettes  and  the  price  to 
growers  for  flue-cured  and  burley  tobacco: 

PCt  =  aiPFt  +  a2PBt  +  M 

where  ax  is  the  pounds  of  flue-cured  tobacco  required 
per  pack  of  cigarettes,  and  a2  the  pounds  of  burley  per 
pack.  M  is  the  marketing  and  manufacturing  margin, 
including  taxes  and  the  cost  of  other  tobaccos  used.  But 
we  are  using  an  index  of  consumer  prices  for  tobacco 
products  as  a  proxy  for  the  retail  price  of  cigarettes.5 
Moreover,  a  crudely  defined  margin,  which  includes 
heterogeneous  items,  will  have  no  operational  usefulness. 
Therefore,  we  use  an  empirically  estimated  equation 
which  resembles  the  price  linkage  identity  discussed 
above  but  the  coefficients  do  not  have  a  precise 
interpretation.  The  major  role  of  this  equation  is  to 
make  the  system  complete. 

(9)  PCt  =  40.34429  +  0.72355PF,  +  0.14827PBt 

Consumer  demand  for  cigarettes  is  studied  in  terms  of 
per  capita  consumption  of  cigarettes  for  the  population  18 
years  old  and  over.  The  use  of  per  capita  consumption  is 
based  on  the  underlying  consumer  theory  of  the 
individual.  Consumer  demand  is  influenced  by  the 
habit-forming  nature  of  the  product  and  reaction  to  the 
issue  of  smoking  and  health.  These  factors  are  embodied 
in  the  lagged  value  of  consumption  and  percent  of 
cigarettes  filter-tipped. 

(10)  QCt  =  3302.04150  +  0.071951,  +  0.72692()C(_1 

(0.47442)  (4.22992) 

-26.7l665PCt  +  9.50125FL, 
(3.43241)  (1.81266) 

R2  =  0.885 

Total  cigarette  consumption  is  the  product  of  per  capita 
consumption  and  population  18  years  and  over. 

(11)  QCCt  =  PxQCt 

The  quantity  of  cigarettes  produced  has  to  satisfy  the 
technical  relationships  in  terms  of  flue-cured  and  burley 
tobacco  disappearance. 

(12)  DFt  =  F  x  QCPt 

(13)  DBt  =  J5  x  QCPt 


Finally,  to  complete  the  system  we  have  a 
market-clearing  identity  for  cigarettes:6 

(14)  QCPt  =  QCCt  +  QCXt 

Framework  for  Policy  Analysis 

This  structural  system  of  14  equations  and  identities 
embodies  the  a  priori  specifications  and  restrictions  of 
the  model.  The  strategic  technological  and  policy 
variables  included  in  the  structural  system  can  be 
appropriately  modified  to  trace  the  impact  on  the 
market.  The  system  can  be  solved  for  the  14  endogenous 
variables  to  obtain  the  reduced  form  of  the  system.  The 
reduced  form,  given  in  appendix  table  1,  expresses  each 
endogenous  variable  as  a  linear  function  of  the  several 
predetermined  variables,  including  the  lagged  endo- 
genous variables.  The  table  of  reduced  form  gives  the 
impact  of  per  unit  changes  in  an  exogenous  variable  on 
each  of  the  endogenous  variables.  For  example,  the 
effects  of  flue-cured  acreage  and  price  on  the 
endogenous  variables  in  the  following  year  are  given  in 
the  first  two  columns  of  the  table.  The  reduced  form 
was  used  to  generate  the  estimated  values  of  the  14 
endogenous  variables,  which  were  compared  with  the 
observed  values  to  evaluate  the  "track  record"  of  the 
model.  However,  the  estimates  generated  by  a  model  can 
be  no  better  than  the  data  which  are  used. 

However,  for  a  dynamic  analysis  of  the  system,  we 
can  eliminate  the  lagged  values  of  the  endogenous 
variables  by  successive  substitutions,  obtaining  a  system 
of  endogenous  variables  in  terms  of  the  exogenous 
variables  only.7  This  system  of  multipliers  for  years  1-5 
and  the  long-run  multipliers  are  given  in  appendix  tables 
2-7. 

To  illustrate  the  use  of  the  multipliers,  consider  a 
possible  5  percent  increase  in  the  support  rate  for 
flue-cured  tobacco.  This  comes  to  an  average  of  about 
3.5  cents  per  pound.  Using  the  coefficients  from  the 
column  headed  SPF  in  appendix  tables  2-7,  the  effects 
on  the  following  variables  are  calculated:  Flue-cured 
acreage,  flue-cured  price,  flue-cured  year-end  stocks,  per 
capita  cigarette  consumption,  flue-cured  production, 
flue-cured  cigarette  use,  cigarette  consumption,  retail 
tobacco  price  index,  and  cigarette  production.  These 
effects  for  years  1-5  and  the  long-run  effects  are  given  in 
table  1.  Note  that  a  rise  in  the  support  rate  is  estimated 
to  lead  to  a  rise  in  the  price  of  flue-cured  tobacco, 
increased  production,  and  higher  carryover.  The  higher 
price  of  tobacco  is  estimated  to  lead  to  higher  tobacco 
product  prices,  decline  in  cigarette  consumption  and 
production,  and,  hence,  less  use  of  flue-cured  tobacco  in 
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Table  1.— Impact  of  a  possible  3.5-cent  increase  in  support  rate  for  flue-cured  tobacco 


Year 


Variable 


Flue-cured  acreage  (1,000)  

Flue-cured  price  (4 /lb.)  

Flue-cured  year-end  stocks  (million  pounds) 
Per  capita  cigarette  consumption  (number) 
Flue-cured  production  (million  pounds)  .  . 
Flue-cured  cigarette  use  (million  pounds)  . 

Cigarette  consumption  (billion)  

Retail  tobacco  price  (index)  

Cigarette  production  (billion)  


Long 


1 
1 

o 

Q 
O 

A 

4 

e 
o 

run 

1  A  77 
10.  /  ( 

1  O  AC 
10.U5 

1  7  (IA 
1  <  .94 

1  7  AO 
1  ( .09 

A  7/1 
4.  ( 4 

A  AA 

4.09 

A  A3 
4.0O 

/]  ETA 

4. DO 

A  A  O 

4.49 

i  o  a 
12.9 

£7  ftft 

O  ( .uu 

1  Oft  QA 

129. o4 

1  OA  AO 

190.0*2 

OAC  /I7 
205.4  < 

A^iAQ  Qft 

4o4o.o9 

—91.  DO 

—150.51 

om  i  7 
—201.17 

—230.04 

n JO  77 

—248.77 

AA 

— .U9 

32.06 

34.50 

34.30 

33.82 

-12.9 

-22.04 

-28.33 

-32.48 

-35.03 

-12.14 

-20.73 

-26.64 

-30.54 

-32.95 

-.01 

3.43 

3.36 

3.27 

3.16 

3.04 

-12.14 

-20.73 

-26.64 

-30.54 

-32.95 

-.01 

cigarette  manufacturing.  These  effects  will,  however,  in 
practice  be  mitigated  by  the  influence  of  other  factors 
like  exports  and  other  policy  variables.  But  the  model 
enables  us  to  isolate,  for  analytical  purposes,  the  impact 
of  a  single  possible  policy  change. 

Another  question  which  may  be  analyzed  is  the 
impact  of  increased  exports  (or  reduced  exports, 
assuming  that  an  alternate  source  of  supply,  Rhodesia, 
opens  up).  A  new  reduced  form  can  be  calculated  by 
changing  the  multiplicative  factors,  which  represent  the 
impact  of  technological  change.  The  average  yield  per 
acre  embodies  the  technological  change  in  production8 
and  the  pounds  of  tobacco  used  per  1,000  cigarettes  in 
the  manufacturing  sector.  The  impact  of  changes  in  any 
or  all  of  these  coefficients  on  the  tobacco  market  can  be 
traced.  Similarly,  we  can  study  the  effect  of  change  in 
percent  of  cigarettes  filter-tipped,  which  embodies  the 
changing  trend  in  tastes  and  habits. 
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Footnotes 

1  Italic  numbers  in  parentheses  refer  to  Literature  Cited. 

2  This  article  is  a  preliminary  report  of  the  results  of  a  more 
comprehensive  study  of  resource  adjustment  in  the  U.S.  tobacco 
economy  being  conducted  by  an  ERS  task  force. 

3  The  burley  program  is  now  entirely  based  on  a  poundage 
quota.  However,  as  the  poundage  quota  can  be  converted  to 
acres  by  using  an  appropriate  average  yield,  the  present  analysis 
is  applicable  to  the  new  program. 

Although  this  depends  on  the  distribution  of  grades  of 
tobacco  sold  in  the  auction  market,  during  the  period  under 
discussion  the  average  price  received  by  producers  for  flue-cured 
and  burley  was  above  the  average  support  rate. 

5  The  consumer  price  index  includes  index  numbers  for  (a) 
cigarettes,  nonfilter  tip,  regular  size,  and  (b)  cigarettes,  filter, 
king.  The  index  for  tobacco  products  includes  these  two  along 
with  other  tobacco  products.  Cigarettes  are  given  a  weight  of 
over  90  percent  in  this  index. 

6  To  overcome  the  fact  that  the  data  for  tobacco  are  reported 
by  crop  year  and  cigarette  consumption  and  exports  are  reported 
by  calendar  year,  the  identity  ( 14)  was  rewritten  as 

QCPt  =  QCCt  +  QCXt  +  QCOp 

where   QCO   is  a  residual  item  which  has  no  operational 
significance.    However,   for   the   sake   of  completeness,  the 
coefficients  for  this  variable  are  reported  in  appendix  table  1. 
7For  details,  see  Goldberger  (2,  p.  375). 

8 This  is  only  one  dimension  of  the  problem,  since  output  is 
measured  in  terms  of  land.  Another  equally  important  aspect  of 
technological  change  is  output  in  terms  of  labor. 
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BOOK 
REVIEWS 


Agricultural  Product  Prices 

By  William  G.  Tomek  and  Kenneth  L.  Robinson.  Cornell 
University  Press,  124  Roberts  Place,  Ithaca,  N.Y.  14850.  376 
pages.  1972.  $14.50. 

According  to  the  preface:  "The  decision  to  write  this 
book  was  motivated  by  two  considerations.  First,  we 
believe  that  the  behavior  of  agricultural  product  prices  is 
sufficiently  unusual  as  to  require  special  treatment. 
Second,  we  saw  a  need  for  a  more  up-to-date  text,  which 
would  combine  principles  of  price  determination, 
information  on  pricing  institutions,  and  an  introduction 
to  selected  quantitative  techniques  as  applied  to 
agricultural  prices"  (p.  v). 

Textbooks— this  one  for  "an  intermediate-level  course 
in  agricultural  prices  and  marketing"— are  not  usually 
reviewed  in  this  journal.  However,  I  think  a  review  is 
justified  in  this  instance.  The  book  is  designed  to 
develop  research  competence  in  statistical  price  analysis 
of  agricultural  products,  and  draws  heavily  on  published 
research,  notably  articles  in  the  Journal  of  Farm 
Economics  (now  the  American  Journal  of  Agricultural 
Economics)  and  USDA  studies,  including  several  from 
this  journal. 

The  16  chapters  are  grouped  into  four  sections.  "The 
first ...  is  devoted  to  a  review  of  the  economic  concepts 
that  underlie  price  determination,  particularly  as  they 
apply  to  agricultural  commodities.  This  is  followed  by  a 
section  dealing  with  price  variation  and  the  linkage 
between  prices  at  the  retail,  wholesale,  and  farm  levels, 
at  different  points  in  time,  and  in  different  locations. 
The  third  section  is  devoted  to  a  description  and  analysis 
of  alternative  pricing  arrangements  for  agricultural 
commodities,  such  as  commodity  exchanges,  auctions, 
pricing  formulas,  collective  bargaining,  and  government- 
support  programs.  The  final  section  provides  an 
introduction  to  analytical  methods  and  empirical  studies 
of  demand  and  supply  relationships  for  agricultural 
commodities"  (pp.  5-6). 

Tomek  and  Robinson  have  produced  a  volume  that 
reflects  their  recognized  competence  in  economic  and 
statistical  analysis.  It  is  well-written,  well-organized,  and 
comprehensive,  though  the  last  two  attributes  are  more 
evident  in  sections  I-IU,  which  comprise  the  bulk  of  the 
book,  than  in  section  IV. 


In  the  first  section,  I  regard  the  chapters  on  demand 
(ch.  1,  2)  as  particularly  outstanding.  The  summary  of 
demand  theory  and  the  discussion  of  interrelationships 
among  various  elasticities  and  related  concepts,  such  as 
price  flexibility,  provide  a  solid  introduction  to  the 
whole  area  of  price  determination. 

In  section  II,  the  disparate  forces  that  determine  the 
prices  of  farm  products  are  organized  into  a  coherent 
pattern.  I  think  the  authors  were  particularly  successful 
in  bringing  recent  research  results  to  bear  on  the 
problems  of  marketing  margins  (ch.  6)  and  cyclical  price 
variations  (ch.  9),  where  the  venerable  cobweb  theory 
receives  special  emphasis. 

In  section  III,  the  treatment  of  commodity  futures 
(ch.  12,  13)  is  most  welcome.  Conventional  textbook 
presentations  are  often  superficial,  and  sometimes  seem 
designed  to  confuse  students  and  teachers  alike.  The 
present  authors  have  drawn  on  numerous  empirical 
studies  made  during  the  last  decade  or  so.  In  so  doing 
they  have  brought  out  the  important  differences 
between  futures  markets— with  respect  to  both  function 
and  price  behavior— for  seasonally  produced,  highly 
storable  commodities;  and  those  produced  more 
continuously,  with  stock  accumulation  relatively  small 
or  nonexistent. 

I  have  very  few  reservations  with  respect  to  this 
generally  excellent  book.  As  noted  above,  one  of  its 
features  is  comprehensiveness.  However,  the  value  of  this 
attribute  is  somewhat  reduced  by  attempting  to  cover  an 
unusually  large  number  of  highly  technical  topics  in  only 
375  pages.  As  a  result,  the  treatment  of  some  subjects 
tends  to  be  a  bit  sketchy  or  overconcise. 

One  example  is  the  section,  "Effects  of  Inflation  and 
Deflation  on  Agriculture"  (ch.  10,  pp.  201-203).  Here 
the  relation  between  general  price  inflation  and  farm 
price  inflation;  "demand-pull"  versus  "cost-push" 
inflation;  and  the  interconnections  of  domestic  inflation, 
export  markets,  and  currency  devaluation  are  squeezed 
into  two  and  a  half  pages. 

It  also  appears  to  me  that  the  distinction  between 
demand-pull  inflation  which  tends  to  benefit  farmers, 
and  cost-push  inflation  which  tends  to  hurt  them,  is 
drawn  too  sharply.  The  even  more  important  situation, 
where  it  is  Government  policy  to  offset  the  adverse 
effects  of  large  wage-price  increases  on  employment  by 
measures     to     expand     aggregate     demand— thereby 
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engendering  another  cost-push  round— is  not  mentioned. 
The  authors  evidently  did  not  think  it  of  sufficient 
importance  to  be  included  at  the  time  of  writing.  This  is 
understandable  as,  through  1971,  the  cost-push  element 
appears  to  have  been  strong  enough  to  prevent  gains  in 
net  farm  income.  Since  1972,  however,  the  demand-pull 
forces  that  have  been  superimposed  on  the  cost-push 
forces  have  brought  large  gains  to  farmers. 

The  two  chapters  (15,  16)  in  section  IV  provide  a 
second  example  of  highly  compressed  treatment.  The 
first  of  these  is  "devoted  to  a  discussion  of  alternative 
techniques  of  analysis,  procedures  in  formulating 
models,  sources  of  data,  and  the  identification  problem" 
(p.  308).  The  second  "provides  a  basis  for  interpreting 
and  using  the  results  of  price  analysis  based  on  regression 
techniques"  (p.  338).  These  chapters  are  rather  different 
from  the  preceding  ones,  as  they  are  designed  "not  to 
give  a  rigorous  statistical  treatment,  but  to  provide  an 
intuitive  review  and  some  insights  into  uses  and  appraisal 
of  quantitative  economic  analyses"  (ibid.).  I  would 
regard  them  as  a  teaching  syllabus  that  will  allow 
instructors  a  large  degree  of  flexibility  as  to  topics 
covered  and  the  level  of  instruction,  which  will  depend 
on  the  extent  and  depth  of  the  introductory  courses  in 
statistics  that  the  students  are  supposed  to  have  had. 

It  would  almost  seem  that  the  authors  themselves  are 
not  quite  certain  as  to  just  what  the  scope  and  content 
of  section  IV  should  be,  and  perhaps  look  forward  to 
future  revisions  on  the  basis  of  actual  experience  with 
the  use  of  this  book  as  a  manual  of  instruction.  My  own 
opinion  is  that  this  section  will  need  to  be  revised  and 
expanded  quite  substantially.  I  offer  only  one 
suggestion.  I  think  it  would  be  most  useful  to  take  a 
number  of  specific  studies,  such  as  the  supply  analysis 
for  corn  by  Houck  and  Ryan  (Amer.  Jour.  Agr.  Econ. 
54:  184-191)  and  make  a  step-by-step  critique  of  the 
formulation  of  the  model,  the  choice  of  variables  and 
statistical  series,  and  the  significance  of  such  measures  as 
the  R2  and  the  f-values  of  the  regression  coefficients. 
Then,  when  appropriate,  the  equations  should  be  tested 
as  forecasting  devices;  and  if  they  don't  work  as  well  as 
hoped,  the  whole  analysis  should  be  carefully 
reexamined  to  find  out  why. 

The  foregoing  reservations  notwithstanding,  this  is  a 
book  of  very  high  quality.  It  is  also  a  much  needed  one 
that  deserves  to  be  widely  used.  Finally,  I  note  that  it  is 
singularly  free  of  printing  errors.  The  only  one  I  noticed 
is  on  page  351,  where  "first  different  equation"  should 
read  "first  difference." 


James  P.  Cavin 


Size,  Structure  and  Future  of  Farms 

Edited  by  A.  Gordon  Ball  and  Earl  0.  Heady.  The  Iowa  State 
University  Press,  Ames  50010.  404  pages.  1972.  $9.95. 

This  is  the  most  comprehensive  collection  of 
essays  on  U.S.  agriculture  that  this  reviewer  knows 
about.  The  book  appears  at  a  time  when  public  interest 
in  agriculture  is  growing,  as  evidenced  by  the  popular 
media's  devotion  to  the  subject  of  higher  food  prices, 
and  has  the  added  virtue  of  being  timely  for  the  layman 
as  well  as  for  economists  who  have  a  day-to-day 
responsibility  for  the  problems  of  farms. 

Several  of  the  essays  seek  to  clarify  the  distinction 
between  advantages  accruing  to  a  farm  enterprise 
because  of  size  and  those  accruing  because  of  its 
organization,  specifically  whether  it  is  incorporated  or 
vertically  integrated.  Ball  and  Heady  in  "Trends  in 
Farms  and  Enterprise  Size  and  Scale"  give  a  factual 
interpretation  of  the  available  data  on  scale  and 
efficiency  criteria.  They  surmise: 

A  family  farm  under  a  single  proprietor  can  get  as  big  as 
any  corporate  farm,  given  the  same  opportunities  for  ac- 
quisition of  credit,  profits,  equal  tax  benefits,  legal  pro- 
tection, and  intergenerational  continuity.  But  these  oppor- 
tunities are  not  as  equal  for  all  sizes  and  incomes  under 
the  single  entrepreneurship  as  they  are  under  the  corporate 
form  of  farm  business  organization. 

In  a  corollary  essay,  Madden  and  Partenheimer  in 
"Evidence  of  Economies  and  Diseconomies  of  Farm 
Size"  explore  the  relationship  between  scale  of 
operation  and  likelihood  of  financial  success. 
Specifically,  they  analyze  the  efficiencies  of  financial 
management  as  those  considerations  affect  production 
coordination  and  the  use  of  available  information  to 
reduce  the  uncertainty  of  the  production  decisions. 

These  essays  are  complemented  by  other,  equally 
well-written  studies  of  related  issues.  For  instance,  Daly, 
Dempsey,  and  Cobb  coauthor  an  essay,  "Farm  Numbers 
and  Sizes  in  the  Future,"  which  projects  the  profile  of 
today's  farm  sector  forward  to  1980;  the  glimpse  of  the 
future  they  offer  can  "flex  the  mind  of  the  most 
imaginative  futurist,"  in  the  words  of  the  authors. 

The  dominant  theme  throughout  the  book  is  best 
characterized  by  Heady  and  Ball  in  their  second  essay, 
"Public  Policy  Means  and  Alternatives,"  in  which  they 
argue  that  past  and  present  farm  policies  are  strong 
forces  working  in  a  manner  which  gives  profit  and 
payment  incentives  primarily  to  large  scale  enterprises. 
As  economic  efficiency  and  social  justice  are  mutually 
exclusive  alternatives  in  the  eyes  of  many  who  study  the 
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agricultural  sector  of  the  U.S.  economy,  this  theme 
should  be  of  special  interest  to  those  who  are 
instrumental  in  forming  or  advising  on  farm  policy. 

The  structure  of  agricultural  production  is  in  a  state 
of  flux.  New  patterns— vertical  integration,  contract 
farming,  and  increasingly  rapid  introduction  of  new 
technology— are  emerging.  Agricultural  policy  will 
affect  the  impact  of  these  new  patterns  on  the  whole 
social  spectrum  from  producer  to  consumer  and  will  be 
a  major  force  in  maintaining  or  changing  agriculture's 
structure.  Future  farm  programs  should  be  formulated 
with  the  awareness  that  the  choice  of  a  particular 
policy  is  the  conscious  choice  of  a  particular  structure 
of  agriculture. 

A  recurrent  theme  throughout  all  the  essays  is  that 
past  choices  have  aided  big  farms,  and  to  choose  a 
different  structure,  we  must  choose  different  policy. 
Aines,  in  "Linkages  in  Control  and  Management  with 
Agribusiness, "discusses  corporations  establishing  ties  in 
control  and  management  with  American  agriculture. 
More  and  Dean  in  "Industrialized  Farming"  discuss 
managerial  functions  and  the  availability  of 
information  as  both  apply  to  small  and  large  farms. 
Fuller  and  Van  Vuuren  in  "Farm  Labor  and  Labor 
Markets"  discuss  the  linkages  between  agriculture  and 
the  rest  of  the  economy,  concluding  that  the  allocation 
of  human  resources  will  be  affected  by  Government 
policy  in  much  the  same  way  as  the  allocation  of 
physical  resources.  Raup,  in  the  introductory  essay, 
"Societal  Goals  in  Farm  Size,"  states  that  "society's 
interest  in  the  size-of-farm  question  has  less  to  do  with 
costs  of  production  or  allocative  efficiency  and  more 
to  do  with  intangible  values,  including  distributive 
equity,  community  structure,  population  distribution, 
and  rural  amenities." 

A.  Gordon  Ball  and  Earl  0.  Heady  present  this 
collection  so  that  we  may  decide  more  rationally  if  the 
sacrifice  of  intangible  values  is  justified  by  increasing 
efficiency.  Space  does  not  allow  discussion  of  each 
essay,  but  I  hope  the  reader  will  find  that  the  favorable 
opinion  expressed  for  the  essays  collectively  is 
applicable  individually. 

David  Dyer 

World  Without  Borders 

By  Lester  R.  Brown.  Random  House,  201  East  50th  Street, 
New  York,  N.Y.  10022.  395  pages.  1972.  $7.95. 

If  one  examines  the  dynamics  of  our  world  society 
with  any  degree  of  insight,  one  is  easily  led  to  conclude 


that  global  economic  and  political  integration  would  be 
beneficial.  The  author  not  only  argues  that  "One  World" 
would  be  an  ideal  but  insists  that  unless  it  is  achieved  in 
the  near  future,  disaster  will  result.  Lester  Brown  is  a 
senior  fellow  at  the  Overseas  Development  Council  of 
Washington,  D.C.,  and  has  a  national  reputation  in 
economics.  To  him,  global  unity  is  not  an  impossible 
undertaking  because  the  means  to  bring  it  about  are 
available:  It  would  necessitate  only  some  radical  changes 
in  thinking  and  traditions.  In  this  respect  the  author 
appears  somewhat  quixotic,  since  history  shows  that 
such  changes  have  occurred  exceedingly  slowly. 

What  is  essentially  needed  to  carry  out  a  change,  the 
author  asserts,  is  a  transformation  of  those  values  which 
up  to  now  we  have  considered  to  be  gospel:  Growth  is 
good,  planned  obsolescence,  reverence  for  large  families. 
Ironically  these  values  have  brought  chaos  and  pollution 
to  our  society  and  therefore  must  be  discarded.  What 
must  evolve  is  a  new  social  ethic,  one  which  emphasizes 
stability.  Such  an  ethic  should  replace  international 
competition  with  global  cooperation  and  bring  mankind 
in  harmony  with  nature. 

National  sovereignty  is  being  gradually  sacrificed  for 
affluence.  Is  this  good  or  bad?  On  the  one  hand,  the 
author  is  somewhat  critical  of  Americans  for  their 
affluence,  asking  them  to  question  their  right  to 
consume  a  third  of  the  earth's  resources.  On  the  other 
hand  he  points  out  that  when  economic  integration 
occurs,  political  cooperation  gradually  follows,  coupled 
with  an  enhanced  standard  of  material  living,  citing  the 
European  Economic  Community  as  an  example.  He 
predicts  that  there  will  be  a  rise  of  the  "data  utility 
industry,"  as  information  will  become  a  major  economic 
resource.  (Some  multinational  corporations  have 
economies  larger  than  countries.)  Hereafter  the  number 
of  computers  in  a  country  rather  than  automobile 
production  will  be  the  measure  of  progress  and  level  of 
development. 

The  author  explores  the  reason  why  the  Soviet  Union 
can  master  space  exploration  but  cannot  give  its  citizens 
the  consumer  goods  they  want  to  buy.  Why  is  it  that  a 
centrally  planned  economy  which  is  efficient  in  steel 
production  cannot  keep  up  with  the  latest  fashions?  This 
is  a  critical  flaw  in  a  planned  society.  A  country's 
economy  must  be  sensitive  to  consumer  desire  and  be 
service-minded  as  well  as  production  oriented.  As  the 
planned  economies  approach  advanced  stages  of 
industrialization,  they  discover  they  lack  the  skills  and 
technology  needed  to  create  a  modern  consumer  society. 
The  only  way  to  get  the  needed  technology  quickly  is  to 
turn  to  the  West  for  it. 

Jack  Ben-Rubin 
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Land  Speculation,  An  Evaluation  and  Analysis 

By  Harold  L.  Oppenheimer.  The  Interstate  Printers  and 
Publishers,  Inc.,  Danville,  111.  61832.  439  pages.  1972.  $9.95. 

This  is  rather  an  unusual  book  to  recommend  for  a 
researcher's  shelf.  Although  it  reads  more  like  a 
prospectus  than  a  treatise,  it  provides  a  point  of  view  not 
always  open  to,  nor  understood  by,  the  researchers  in 
agricultural  economics.  Land  Speculation  is  not  research 
in  the  academic  sense,  nor  does  it  present  a  well 
developed  thesis  or  conclusion.  Oppenheimer,  the 
chairman  of  a  ranch  managing  and  consulting  firm, 
builds  a  case  for  livestock  production  as  a  safe  tax  haven 
for  upper  income  taxpayers.  To  do  this  he  uses  a 
collection  of  magazine  articles,  congressional  testimony, 
ranch  history,  tax  cases,  and  management  advice. 

The  other  side  of  this  coin,  of  course,  involves  the 
economic  impact  of  the  additional  capital  introduced 
into  livestock  production.  Will  it  raise  or  lower 
production  costs?  Will  it  raise  or  lower  meat  prices?  This 
issue  is  dealt  with  in  testimony  before  a  congressional 
committee.  Outside  investment  may  replace  a  certain 
amount  of  more  expensive  loan  capital,  which  means 
tougher  competition  for  those  left  paying  the  higher 
interest  rates.  It  will  strengthen  the  demand  for 
ranchland,  help  to  preserve  existing  large  holdings,  and 
consolidate  uneconomic  operations.  Some  ranchers  may 
benefit,  others  may  lose,  from  this  competition.  The 
consumer  should  gain. 

Oppenheimer  is  not  talking  to  or  about  dabblers  or 
speculators.  He  advocates  business  deals  involving  both 
legitimate  livestock  men  and  city  investors.  Partnership 
arrangements  can  increase  available  equity  capital  to 
expand  their  scale  of  operations  to  an  efficient  level  of 
at  least  1,000  head.  His  advocacy  is  based  on  thorough 
knowledge  from  many  years  of  experience.  In  the 
process  of  presenting  his  credentials  to  prospective 
clients,  he  unfolds  the  kind  of  analysis  that  typically 
begins  on  the  back  of  an  envelope  and  sometimes  leads 
to  a  trip  to  the  bank.  He  compares  this  business  with 
other  speculative  land  deals  such  as  urban  income 
property  and  rural  subdivisions. 

A  rapid  perusal  of  this  book  will  give  new 
perspectives  to  some  of  the  economic  forces  shaping 
land  use  in  this  decade.  Serious  analysis  of  some  sections 
regarding  the  impact  of  taxes  on  investment  and 
resource  use  is  warranted.  Land  use  decisions  can  be 
quite  sensitive  to  tax  laws.  The  influence  of  Federal 
policy  on  private  land  use  decisions  is  felt  in  large 
measure  through  the  income  tax  laws.  There  is  a 
question  whether  current  proposals  for  more  direct 
regulation  of  land  use  will  have  the  desired  effect 


without  taking  the  tax  effect  into  account.  Thus, 
Oppenheimer  adds  the  third  dimension  to  costs  and 
returns  in  the  livestock  industry— taxes. 

Howard  A.  Osborn 


Praeger  Library  of  U.S.  Government  Departments  and 
Agencies,  Praeger  Publishers,  Inc.,  Ill  Fourth  Avenue, 
New  York  10003: 

The  Bureau  of  Reclamation 

By  William  E.  Warne.  270  pages.  1973.  $9.50. 

The  Forest  Service 

By  Michael  Frome.  241  pages.  1971.  $8.75. 

The  National  Park  Service 

By  William  C.  Everhart.  275  pages.  1972.  $9. 

The  historical  development  of  these  three  agencies 
has  become  of  increasing  interest  with  the  growing 
concern  about  our  environment  and  conservation  of 
natural  resources.  Each  has  had  its  goals,  that  have 
shifted  as  years  have  passed.  At  times,  the  goals  of  these 
bureaus  have  been  in  direct  conflict.  The  approach  to  the 
task  of  writing  the  books  has  varied  from  one  author  to 
another.  Warne  is  a  former  Commissioner  of  the  Bureau 
of  Reclamation;  Everhart  is  the  Director  of  the  National 
Park  Service  Harpers  Ferry  Center;  Frome  is  the 
conservation  editor  of  Field  and  Stream,  and  a 
contributor  to  American  Forests,  Holiday,  and  other 
magazines.  He  has  written  other  books  on  the  national 
forests  of  America.  Everhart's  account  gives  many 
human  interest  details  that  would  only  come  from  long 
association  with  the  National  Park  Service  and  that  make 
reading  his  story  most  enjoyable. 

Of  the  three  agencies,  formal  roots  of  the  National 
Park  Service  go  the  farthest  back— to  the  establishment 
of  Yellowstone  National  Park  in  1872.  No  funds  were 
available  for  administration  of  the  park  until  1886  when, 
at  the  request  of  the  Secretary  of  the  Interior,  the  War 
Department  took  over  control  of  the  park— an 
arrangement  that  was  to  continue  for  30  years.  In  1890, 
Sequoia,  Yosemite,  and  General  Grant  National  Parks 
were  created.  In  1891,  Congress  authorized  the  President 
to  establish  forest  reserves  from  the  public  domain.  The 
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forest  reserves,  subsequently  redesignated  national 
forests,  developed  into  a  system  parallel  to  the  national 
parks  system.  In  1905,  these  reserves  were  transferred 
from  the  jurisdiction  of  the  Department  of  the  Interior 
to  the  Department  of  Agriculture,  where  they  were 
combined  with  other  forestry  activities  under  Gifford 
Pinchot  in  the  Forest  Service. 

The  Antiquities  Act,  enacted  in  1906,  empowered  the 
President  to  designate  as  national  monuments  any  lands 
owned  or  acquired  by  the  Federal  Government 
containing  historic  landmarks,  historic  or  prehistoric 
structures,  and  other  objects  of  historic  or  scientific 
interest.  Administration  of  the  monuments  was  left  to 
the  department  having  jurisdiction  over  the  land.  But 
still  there  was  no  centralized  administration  for  the 
Nation's  parks  until  the  National  Park  Service  was 
established  by  an  Act  of  Congress  in  1916— 

To  conserve  the  scenery  and  the  natural  and  historic 
objects  and  the  wildlife  therein  and  to  provide  for  the 
enjoyment  of  the  same  in  such  manner  and  by  such  means 
as  will  leave  them  unimpaired  for  the  enjoyment  of  future 
generations. 

Another  turning  point  in  the  growth  of  the  National 
Park  Service  occurred  in  1933,  when  nearly  50  historic 
sites  were  transferred  to  the  Service,  primarily  from  the 
War  Department.  Thus  was  recognition  given  to  its 
capability  of  operating  all  Federal  parks.  The  New  Deal 
period  brought  new  directions.  The  Civilian  Conser- 
vation Corps  conducted  many  work  projects.  Parkways, 
recreation  areas,  and  seashores  and  lakeshores  came 
under  the  jurisdiction  of  the  Service. 

In  1956,  another  milestone  was  reached  when  Mission 
66  was  undertaken  to  rejuvenate  the  parks  and  their 
facilities.  Legislation  in  the  1960's,  such  as  the  Land  and 
Water  Conservation  Fund  and  the  Wilderness  Act  of 
1964,  the  Historic  Preservation  Act  of  1966,  and  the 
Wild  and  Scenic  Rivers  Act  of  1968,  added  significantly 
to  the  responsibilities  of  the  agency.  Following  the 
establishment  of  an  Office  of  Urban  Affairs,  the 
"Summer  in  the  Parks"  program  in  Washington,  D.C., 
has  added  dimension. 

As  the  work  of  the  National  Park  Service  has 
increased  one  of  the  basic  questions  has  been  whether  to 
emphasize  preservation  or  use.  Ideologies  of  other 
agencies  have  presented  challenges  to  the  position  of  the 
Park  Service. 

Through  the  years,  a  number  of  Secretaries  of  the 
Interior  have  eyed  the  Forest  Service  and  worked  to  have 
it  transferred  to  their  jurisdiction.  Conversely, 
Secretaries  of  Agriculture  have,  with  decreasing  interest, 
held  on  to  it.  The  current  President's  Reorganization 


Plan  would  transfer  the  Forest  Service,  the  National  Park 
Service,  and  the  Bureau  of  Reclamation,  as  well  as 
related  activities  of  the  Corps  of  Engineers  from  the 
Department  of  Defense,  to  a  new  Department  of  Natural 
Resources. 

Work  in  forestry  predated  the  establishment  of  the 
first  of  the  national  forest  reserves,  Yellowstone 
Timberland  Reserve  in  1891,  under  the  jurisdiction  of 
the  Secretary  of  the  Interior.  Extensive  reports  had  been 
made  on  forest  resources  and  given  wide  circulation. 
Bernhard  Fernow,  the  first  professional  forester,  was 
adding  research  in  silviculture  and  wood.  Under  Gifford 
Pinchot,  forestry  activities  included  assistance  in  solving 
problems  of  those  outside  the  Government  and  the 
administration  of  the  forest  reserves  under  the  Interior 
Department. 

A  basic  element  in  the  administration  of  the  reserves 
that  were  redesignated  national  forests  was  conservation 
under  the  guidance  of  the  Federal  Government.  It  is  at 
this  point  that  Frome  criticizes  the  Forest  Service  as  it 
operates  today.  He  objects  especially  to  the  dominant 
use  theory  and  to  clearcutting,  stressing  complex  effects 
on  resources  and  the  environment. 

The  third  of  these  studies,  The  Bureau  of 
Reclamation  by  William  Warne,  discusses  the  efforts  of 
the  Federal  Government  to  provide  water  to  the  area 
west  of  the  100th  meridian.  To  this  was  added  the 
generation  of  power  from  the  vast  resources  behind  its 
huge  dams.  In  the  about  70  years  of  its  history  the 
Bureau  has  had  problems  as  it  has  built  its  vast  network 
of  dams,  hydroelectric  plants,  and  related  projects. 
There  has  been  the  question  of  extensive  versus  intensive 
farming;  conservationists  have  fought  inundation  of 
land;  other  Government  agencies  have  resisted  what  they 
considered  encroachments  on  their  sphere  of  activities. 

The  three  studies  illustrate  the  complexity  of 
Government  activities  and  the  pressures  that  have  been 
and  are  exerted  in  our  increasingly  developed  Nation. 
They  also  show  how  at  times  a  program  of  one  agency 
can  drastically  affect  another's  jurisdiction.  And,  of 
course,  all  three  agencies  have  tremendous  social  and 
economic  impacts  on  the  public,  and  on  mining,  lumber, 
and  related  industries. 

There  are  a  few  problems  in  using  these  studies.  One 
must  read  all  three  to  acquire  an  overall  view.  Then  it 
would  be  well  to  consult  related  studies  in  the  Praeger 
series,  such  as  The  Soil  Conservation  Service,  The  Bureau 
of  Land  Management,  and  The  United  States 
Department  of  Agriculture.  There  are  some  scattered 
factual  errors  in  all  and  some  omission  of 
information  on  related  activities  prior  to  the 
establishment  of  the  Bureau  of  Reclamation. 
Moreover,  appendix  B  in  the  Frome  study,  "Major 
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Laws  Relating  to  Forest  Service  Activities,"  does  not 
give  an  exact  reproduction  of  the  laws  as  enacted. 

Setting  aside  these  problems,  all  three  books 
present   the  current  activities  of  the  agencies  in  a 


clear  perspective.  One  realizes  something  of  the 
impact  across  the  country  of  these  three  bureaus. 

Vivian  Wiser 
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